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by
Andrew Laurie
Max-Planck-Institutfür Verhaltensphysiologie. 8/31 Seewiesen. West Germany
This is the last of a series of reports by Andrew Laurie on his long-term investigation into the situation of ttle
Marine Iguana. International co-operation in Galapagos science and conservation is iIIustrated by the fact
that the study was funded for the first four years by the Leverhulme Trust and the Royal Society and has since
been adopted by the Max-Planck Institute.
Little did I think in January 1981 when I arrived in Galapagos to begin a three year study of marine
iguanas, that I would still be there six years later. Now the project is about to be extended, for the fourth
time. In March 1987I had completed my part ofthe fieldwork and had spent a month introducing Thomas
Dellinger and Eliecer Cruz to the animals, the study areas and the methods. The Max-Planck-Institute für
Verhaltensphysiologiehas agreed to fund the study for a furtherthree yearsfrom September 1987. Marine
iguanas are long-lived animals whose life histories and population fluctuations take time to investigate
fully. Females marked as hatchlings are aIread y nesting, but none of the males marked as hatchlings or
yearlings in 1981 is yet territorial. Much has been learned but there is still plenty to discover by continuing
to monitor a population with such a large proportion of individually marked animals, most of them of
known age and breeding history.
The study was initiated following an investigation by Dr. H. Kruuk into the problem of predation by
introduced species, which pointed out the lack of basic knowledge about the population dynamics of
several endemic species. Marine iguanas had already disappeared from several areas and the Caleta Webb
population was being predated at the rate of approximately 27% per year by feral dogs. Obviously the
iguanas could not withstand such heavy predation for long, and steps were taken to eliminate the dogs; but
how quickly could a drastically reduced population recover? Were other populations in danger? There was
little or no information on natural fluctuations in numbers, potential rates ofpopulation growth, factors
determining population density, growth rates, age at sexual maturity, reproductive success, and natural
mortality rates.
RESULTS
Now, after an intensive study of marked animals on Santa Fe, an island free from introduced predators,
and comparative work on other islands, and with the help of the spectacular natural experiment provided
by the 1982-83 El Niño event, we know much more about marirte iguana population dynamics and social
organization. The analysis is stiU under way of a massive amount of data on food, growth, behaviour,
reproduction and mortality.
El Niño 1982-83
The study was dominated by the extraordinary 1982-83 El Niño event, which had devastating effects on
the marine algae and led to the death by starvation of 70% of the iguanas over the whole archipelago. The
normal food species of red and green algae (e.g. Gelidium. Centoceras and Spermothamnium spp) largely
disappeared and an almost indigestible brown alga, Giffordia mitchelliae. not previously recorded in
Galapagos, colonized the intertidal and splash lOnes. Feeding was made even more difficult by rough seas
and high sea levels. During the first half of 1983 the coastlines were strewn with emaciated corpses ofthin,
weakened creatures, half their former weights, starving to death on a diet of sea lion faeces, crab skeletons
and iguana skin.
Mortality l\.ates
Annual mortality rates before the 1982-83 El Niño varied from 4% in adult females to 46% in hatchlings.
They shot up over the El Niño period to 53% in adult females, 63% in adult males and 85% in hatchlings,
but have since returned again to approximately pre-EI Niño levels. Thus population density decrea sed
sharply during the first half of 1983 and, as El Niño passed, the marine algal flora started to return to
normal during the second half of the year. By the end of 1983 there was a lush growth of red and green
algae, and the invading Giffordia had almost disappeared. There was effectively more food available for
each individual.
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Selection
There was selection for large body size and weight amongjuveniles in 1983, and there were also significant
differences in their 1981 weights between juveniles which subsequently survived and those that did not
survive the 1982-83 El Niño.
Condition
The survivors of El Niño were still in very poor condition at the end of 1983, and very few ofthem bred in
the 1983-84 season; less than lo/r of females nested on Santa Fe. However, condition improved rapidly
from then on, and growth rates too. The mean condition index (IogWT
-
310gSVL : where WT = body
weight and SVL = snout-vent length) of females with SVL of between 23 and 24cm dropped from 54 in
1981 to 34 in mid 1983 and then rose to 59 by 1984, 65 by 1985 and started to drop again towards pre-EI
Niño levels, reaching 56 by early 1987. The high El Niño mortality is now being compensated for by
increased growth rates, earlier. breeding, more frequent breeding, and larger clutch sizes.
Growth Rates
Growth rates were clearly depressed during El Niño, but rapid1y increased afterwards and are now
decreasing again towards or below pre-EI Niño levels. Immediately after El Niño, one and two year-olds
were growing at almost twice pre-EI Niño rates. The highest mean first year growth (56mm) was recorded
in 1985 hatchlings; it has decreased for the 1986 cohort to 51mm, whereas the rates for 1981 and 1982
hatchlings were 40 and 35mm respectively.
Although juveniles continued to grow during El Niño, albeit at a reduced rate, many of the adults,
particularly the largest ones ceased growth entirely. AIso, juveniles responded to the return of normal
algal flora in the first few months after El Niño by immediately almost doubling their growth rates,
whereas the reaction ofthe adults was delayed. Adult growth rates did not exceed pre-EI Niño rates until
1985. During 1984, adults appear to have put their excess energy into reproduction rather than into
growth. For example, young adult females ofbetween 23 and 24cm snout-vent length grew at mean annual
rates of 19mm in 1981, 5mm in 1982, 9mm in 1983, 21 mm in 1984 and 33mm in 1985. The 1986 rate has
dropped now to 16mm. For the largest males the equivalent growth rates are 12, O, O, 15,21 and Omm
respectively.
Earlier Breeding
There was considerable overlap in size distribution between the 1981 and 1982 cohorts, and the 1982 and
1983 cohorts, during their early growth. 1985 hatchlings were on average larger at two years old than 1981
hatchlings were at 3 years old. Comparison ofthe mean predicted growth curves of all size classes for using
1981 and 1985 incremental growth data shows that there is a clear shift in the growth curve, such that both
males and females could be expected to reach the mean size of 1981 breeding animals about two years
earlier than in 1981. Increased adult growth rates al so indicate a greater maximum attainable size. As
predicted, one of the consequences of the increased post-El Niño growth rates was that females started
breeding at 2.5 years of age in 1985, compared with 4.5 years or more in previous years.
More Frequent Breeding
Furthermore, before El Niño females nested approximately every two years with cAO% of females nesting each
year. Immediately after El Niño there was hardly any nesting on most is1ands, but since then about 85% of
females have nested each year (1985, 1986 and 1987), and the mean clutch size has risen from 2 to 3 on
Santa Fe and from between 3 and 4 to between 5 and 6 on Isabela. In the 1985-86 nesting season, 1981
hatchlings nested for the first time, but 1982 and 1983 hatchlings also nested for the first time, both cohorts
having attained adult size by very fast growth after El Niño. The 1985 hatchlings are expected to nest for
the first time in 1988, but if growth rates continue to decrease, a gradual increase in age at first
reproduction would be expected over the next few years.
Population Composition
Yearlings in February 1987 comprised 39% ofthe population at Cabo Hammond, 28% at Cabo Douglas
and 38% at Caleta Webb, r;ompared with 7%,11% and 6% respectively in 1981. The recovery has been
rapid. Increased food intake, I suspect, has been responsible, but quality may also have improved. Would
it be possible that minerals leached from the islands during ¡he El Niño rains improved ¡he quality of the
marine algae as iguana food afterwards?
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El Niño Again
The effects of the disappearance of the preferred algal food species during the 1982-83 El Niño were
devastating, but such severe El Niño events are infrequent, not more than once a century probably. There
is evidence that the last event of comparable magnitude to the 1982-83 El Niño occurred in 1877-78, with
very strong events a1so in 1925-26 and 1891; but there are no reports of widespread iguana mortality
during previous El Niño events. 1987 saw a return to El Niño conditions, but to a minor degree compared
with 1983. However, the rainfall on Santa Fe in February 1987 was higher than in February 1983, with
392mm falling during the first 18 days. Rivers flowed again, and the mean sea-surface temperature was
27.3 degrees centigrade, compared with 27.9 degrees in 1983, when it was 2.5 degrees above the running
méan for February. The algae were affected again: there was a reduction in the standing crop of red algae,
with the rocks of the intertidal zone barer than usual, and at a few points high on the shore, which always
receive splashes from the waves, Giffordia mitchelliae was recorded again in February 1987.
Population Regulation
No increased mortality has been observed yet and there is unlikely to be any unless El Niño conditions
persist for a long time, as they did in 1982-83. However, condition and growth rates are likely to be
decreased by even minor El Niño events, and thus lead to lower reproductive output and possibly higher
mortality, so all El Niño events may be important in population regulation.
As population density increases again following the heavy 1983 mortality, growth rates and condition are
already decreasing and eventually age at first breeding, nesting frequency and clutch size will probably
revert to pre-EI Niño levels. Even within the Santa Fe study site, between adjacent stretches of coastline,
there are clear differences in iguana growth rates related to food availability and accessibility. Much ofthe
variation in body size between populations may be due to differences in food type, food availability and
feeding behaviour. Even if there is no feed limitation in terms of the biomass of algae in the sea, there can
be limitation in terms ofits availability, because the iguana's feeding time is limited, determined by regular
tides and irregular rough seas. Also, as larger animals do more subtidal feeding, large and small animals
are affected in different ways by the same sea conditions. Although there is no direct competition forfood
on the feeding grounds, iguanas feed on 'lawns' of algae maintained by their own and other species'
grazing; with high population density, and hence grazing pressure, animals have to move further to feed
efficiently, so there is indirect competition which can lead to density-dependent growth rates.
Furthermore, as hatchlings typically feed right at the top of the intertidal zone, they are effectively in
competition only with other hatchlings, independently of what is happening to the rest ofthe population.
The 1985 hatchlings suffered high first year mortality (c. 60%) when compared with pre-EI Niño first year
mortality of the 1981 hatchlings (c. 46%), but, as there were approximately 1.8 times as many 1985
hatchlings as the average annual production between 1981 and 1983, there were more surviving yearlings
of the 1985 cohort than ofthe 1981 cohort. This has meant that population density has remained high for
juveniles but has fallen sharply for adults. Thus, increased recruitment to an iguana population after
heavy mortality can lead t6 increased pressure on the hatchling's food resources at the same time as there is
decreased pressure on the adult's food supply.
Predation
Although iguanas appear to be food-limited, predation on land by introduced species has probably been
the main cause of the gross changes in distribution and abundance ofthe species over the past 150 years.
There is some evidence that native predators, e.g. the blue heron, can also limit popu1ations locally, but
they cannot do so on a wide scale. Cats are the main culprits among the introduced predators, and Isabela,
San Cristóbal and Santa Cruz the worst affected islands.
Dogs have been successfully eradicated by poisoning from critical coastal areas, a1though populations
remain in the highlands. Complete eradication has pro ved impossible so far, and in the case of cats it is
probably an unrealistic aim at this stage. Local control around nesting areas of marine iguanas and other
species is probably the best plan. Elsewhere the control of feral cat populations has proved exceptionally
difficult and expensive. In New Zealand, after 10 years of continuous control operations they had been
eradicated from only three small islands, the largest with an area of 3000 ha. Extermination was achieved
by the introduction of feline enteritis, followed by shooting and trapping. The task on Galapagos,
especially on Isabela, is much more difficult because of the treacherous lava shores along which it is often
difficult, or even impossible, to walk, let alone operate a cat control programme. A pilot control project is
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needed in locations where cat predation is particuarly serious. Even a one year operation would allow the
eventual recruitment of another year class to the breeding population.
Galapagos Marine Reserve
Although predation on land is the most immediate problem for the marine iguanas on islands with
introduced predators, the long term security ofthe food supply is obviously vital, and the establishment of
the Marine Reserve an essential step for the long term conservation ofthe species. Totally dependent on
the red and green algae of the intertidal and upper subtidal zanes, iguanas are particularly vulnerable to
marine pollution. As the species composition ofthe algal flora is important there may be pollutants which,
aithough not fatal to all algae, lead to a decrease in the availability of iguana food species.
Threats
Large oil spills would be fatal. Already there have been reports of minor oil slicks. One carne ashore on the
south coast of Santa Fe in January 1986and killed the algae on a small part ofthe intertidal zane. There is
a constant danger of more spills and major accidents. Nesting beaches could also be affected, and
hatchlings might be particularly at risk, being restricted by their size to feeding at the very top of the
intertidal zane. Much of the pollution which may affect Galapagos waters, particularly that originating
outside territorial waters, will not be made any easier to control by the establishment of the Marine
Reserve. However, the legalliability of ship owners and captains for pollution within the reserve should be
used, in addition to conservation arguments, to encourage correct maintenance and safety procedures,
and all that is possible to reduce the risk of such accidents. Iguanas are particularly vulnerable due to their
relatively low reproductive rateo Every possible precaution must be taken to avoid pollution of any sort,
and this includes provision of equipment in Galapagos for fighting oil slicks e.g. detergent sprayers ifand
when they are considered preferable to the oil.
Future of the Project
It will be very valuable, from both the conservation and the scientific standpoints, to continue to monitor
the mortality, natality, individual growth rates and breeding histories of the marine iguanas, and this
could be done in conjunction with new studies. The value oflong term studies has been demonstrated to
me several times by a subsequent year's data explaining puzzling results from previous years. The first
known-aged males will probably become territorial within the next one 01' two years, and this will help to
answer so me long outstanding questions about the effects of territorial defence and mating on growth
rates. Having a large number of known-aged animals with known breeding histories will also help in
investigating breeding cycles, and the reasons for males and females taking years off from reproduction.
The contribution of the various year classes to the breeding population will also become clearer as more
and more known-aged animals reach breeding age. As a result of El Niño only one year class (1983) out of
five (1980 to 1984) is present in large numbers, and these animals started breeding in 1985-86 in the same
year as the 1981 and 1982 animals. Selection was particularly severe, however, on the older animals, and
the survivors are all large and in excellent condition. Eventually an estimate of longevity would be
possible, based on actuallife histories, rather than the fluctuating mortality rates available. The Ell'~:ño
period of starvation has been followed by a boom in growth rates, body condition and reproductive rates,
which is now passing. Combined with further monitoring of the algal flora and food availability, further
records of growth rates, condition, frequency of breeding and clutch sizes will demonstrate clearly the
density-dependent effects on the population.
Finally one puzzle to be investigated further: in late February 1987, we found hatchlings on Cabo Douglas
and Caleta Webb which were far smaller and lighter than usual. There were in effect two groups of
"yearlings": one with a mean SVL of about 140mm and a mean weight of about 180g, the other with a
mean SVL of about 125mm and a mean weight of about 90g. Were there two breeding seasons last year, 01'
one very prolonged one with two peaks? 01' did some animals just grow slowly? 8ut, then why was there
such a clear bimodality and not a continuous variation about one mean? 1 am sorry that 1 will not be
returning this year to look again and learn some more.
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